The aim of this research was to investigate the influence of processing technology and storage conditions on the quality parameters of organic pumpkin 'Uchiki Kuri' puree. Pumpkin puree was produced industrially from organically grown cultivar 'Uchiki Kuri' by heating it in a heat exchanger, and treating through sieves. Obtained puree was used to prepare four different samples: sterilized sample, frozen sample, vacuum-cooked stored at room temperature, and vacuum-cooked stored at 4±2 ℃. Samples were stored for 26 weeks. During the storage period microbiological (yeasts, moulds, Lactic acid bacteria, and Enterobacteriaceae), and chemical (total carotenes, vitamin C, total phenols, DPPH˙, ABTS˙+, water activity, and pH) parameters were analysed. Obtained results indicated that it is possible to store pumpkin purées up to six months, if those are sterilized at 110 ℃ for 15 minutes; frozen and stored at -20±2 ℃; and vacuum-cooked, packed in a bag-in-box and stored at 4±2 ℃ temperature, preserving their microbiological safety. The total carotenes content in all samples (except samples stored at 22±2 ℃ in the bag-in-box packaging) were stable during storage for 26 weeks, while vitamin C content decreased twice already after four-week storage. Significant decrease of antiradical activity DPPH˙ and ABTS˙+ after 26-week storage was observed as well.
Introduction
Pumpkin (Cucurbita maxima) fruit can be a healthy and valuable ingredient in a number of dishes and fruit products (Nawirska-Olszańska et al., 2014). One of the most popular pumpkin products -pumpkin puree is used as an ingredient for production of purees, jellies, jams, juices (Biesiada et al., 2011) , and even confectionery and pastry products. This vegetable is particularly valuable due to high content of carotenoids, including β-carotene, lutein, and violaxantine (Biesiada et al., 2009 ), vitamin C (Biesiada et al., 2009), phenols (Dini et al., 2013) , and carbohydrates (Chen, Huang, 2018) . It is established that pumpkin regulates metabolism, lowers glucose level in blood, and possesses detoxicating effect (Song et al., 2018) . Another attributed function of pumpkin species is defence against cancer (Nawirska-Olszańska et al., 2014). Therefore, it is very important to work on the development of technologies preserving valuable compounds. Pumpkin products have low acidity. According to Nawirska-Olszańska et al. (2014) pH value of pumpkin cultivar 'Uchiki Kuri' was 7.17-7.46, which according to Jay et al. (2005) is favourable for growth of moulds, yeasts, Clostridium botulinum, Bacillus cereus, Salmonella spp., Listeria monocytogenes. Low-acid foods (pH>4.6) need to be sterilized (>100 °C) because inhibiting effect of acidity on microbial flora is not present (Boz, Erdogdu, 2016) . Pumpkin products possess very short shelf life. Therefore, processing methods such as -pasteurization, sterilization, freezing -are applied to extend the shelf-life. The choice of sterilization / pasteurization time is determined by temperature, chemical composition of the product, type of micro-organisms. However, application of high temperature treatment to fruit and vegetable products leads to degradation of many bioactive compounds (Taoukis et al., 1998) .
As a good alternative to the high temperature treatment is frozen storage, which becomes more popular also for different semi-finished products (Skrupskis et al., 2017) . Stability of physical, chemical and nutritional quality of foods is affected by various factors such as storage conditions and food matrix, including the initial microbial load and enzyme activity. Many studies have been conducted on storage stability of fruit products (Djaoudene, Louaileche, 2016) , including stability of bioactive compounds (Skrovankova et al., 2015) . However only few studies deal with storage stability of pumpkin puree. Scientific researches are focusing on the use of various packaging materials and technological processes, with the aim extending the storage life without significantly altering the sensory properties of the product. One of such new packaging technologies is bag-in-box technology, which is very suitable for delivering bulk amounts of fruit and vegetable products for fast-paced institutional environments. There are very few or almost no investigations on the microbial safety and stability of bioactive compounds of fruit and vegetable products packed using bag-in-box technology. The challenge for processing of vegetable products like pumpkins is to find a processing method which ensures a microbially safe product and as minimum 6 months shelf life with the highest contents of bioactive compounds. Therefore, the aim of this research was to investigate the influence of processing and storage conditions on the quality parameters of pumpkin 'Uchiki Kuri' puree.
Materials and Methods
Pumpkin puree preparation Pumpkin puree from cultivar 'Uchiki Kuri' was produced industrially by washing, cutting, de-seeding, shredding in the cutter RM 2,2 (Voran Maschinen GmbH, Austria), heating in the heat exchanger Colour analysis were performed (n=5) using colour analyser ColorTec-PMC (Accuracy Microsensors, Inc., USA). The CIE L* a* b* colour system version 1976 was used. The total carotenes content was detected by spectrophotometric method using UV/VIS spectrophotometer Jenway 6705 (Bibby Scientific Ltd., UK) and method described by Kampuse et al. (2015) with modifications. A sample of 2 g was mixed with 20 mL of ethanol on a magnetic stirrer for 15 min. Further, 25 mL of petroleum ether were added and stirred for an hour. After mixing, samples were placed into darkness one more hour. The absorption of petroleum ether layer was measured at 440 nm (n=3). The detection of ascorbic acid content. This method determines L-ascorbic acid, which is the reduced form of ascorbic acid, corresponding to the specimen after iodine method T-138-15-01:2002 (Segliņa, 2007) (n=4). The total phenol content was detected according to the Folin-Ciocalteu method (Yu et al., 2003) with modifications. A sample of 2 g mixed with ethanol: water solution (80 : 20 v / v) was used for extract preparation (Priecina, Karklina, 2014) . Absorption was recorded at 765 nm (n=3) using a spectrophotometer JENWAY 6300 (Baroworld Scientific Ltd., UK). The obtained data were expressed as mg of gallic acid equivalent (mg GAE kg -1 of sample).
Determination of antiradical activity (DPPH˙ and ABTS +
). The antiradical activity of extracts was measured on the basis of scavenging activities of the stable 2,2-diphenil-1-picrylhydrazyl (DPPH) free radical Yu et al. (2003) with modifications. To 0.5 mL of extracted sample, 3.5 mL freshly made DPPH˙ solution was added; the mixture was shaken and kept in the dark place at 18±1 °C for 30 min; absorbance was measured at 517 nm using JENWAY 6300 spectrophotometer (n=3). The antiradical activity was expressed as mg Trolox equivalent (TE) kg -1 of sample (Priecina, Karklina, 2014) . The radical scavenging activity of extracts was measured by ABTS + radical cation assay as described by Re et al. (1999) . A stock solution of 2,2′-azino-bis (3-ethylbenz-thiazoline-6-sulfonic) acid (ABTS + ) (2 mM) was diluted with phosphate buffered saline to obtain an absorbance of (0.800±0.030) at 734 nm. Then 5 mL of ABTS + solution was mixed with 0.05 mL of extract. The absorbance was read at ambient temperature 18±1 °C after 10 min. For both determinations of antiradical activity the obtained data were expressed as mM Trolox equivalents per kg of sample (Kruma et al., 2016) . All analyses were done at beginning and after 4, 7, 17, 24 and 26 weeks of storage, except ascorbic acid content, which was analysed up to 7 th week of storage, and DPPH antiradical activity, which was done up to 24 th week of storage. Each time two separate samples of puree were taken, and analyses were carried out in three to four replications.
Statistical analysis
The differences between the results were analysed using one-factor analysis of variance (ANOVA) followed by Tukey-Kramer method. The obtained results were presented as their means with standard errors. Differences among results were considered to be significant if p<0.05.
Results and Discussion
The microbial quality The selected processing methods were effective to reduce counts of lactic acid bacteria, moulds, and Enterobacteriaceae under the detection limit; and their growth was not observed in any of samples during the storage. As shown in Fig. 1 , rapid increase of yeast counts was observed in a pasteurized pumpkin purée, which was stored at 22±2 °C. The development of yeast cells was delayed, when samples were stored at low temperatures, providing at least 6 months shelf life. When stored at 4±2 °C and frozen at -20±2 °C, yeast cells in pasteurised pumpkin purée are in anabiosis. In turn, the sterilized product is shelf-stable at room temperature 22±2 °C due to inactivating spores rather than only vegetative microorganisms (Knockaert et al., 2012) .
Figure 1. Yeast count in pumpkin puree during storage
An evaluation of total plate count in products (Fig. 2) showed a similar trend to yeasts.
Figure 2. Total plate count in pumpkin puree during storage
Summarizing the obtained results of microbiological analysis, it was determined that the process of pasteurization and storage at room temperature 22±2 °C allows short-term storage -up to three weeks. In order to store the pumpkin puree up to six months and longer it is necessary to use the sterilization method, pasteurisation combined with refrigerated storage 4±2 °C or freezing.
Water activity (aw)
For a number of foods, it is important to perform tests on the amount of water activity (Fig. 3 ) in order to predict their stability and shelf life. The water activity of the studied pumpkin samples was very high immediately after heat treatment (from 0.997-0.999), which testifies having good environment for the development of microorganisms. During storage of sterilized sample and sample stored at temperature 4±2 °C in the bag-in-box package, the water activity aw slightly decreased (up to 0.992 and 0.993, respectively), although it did not have a significant effect on the growth of microorganisms. Figure 3 . Water activity changes in pumpkin puree during storage Changes of pH pH is the second most important indicator behind water activity, which characterizes the potential development of microorganisms. If the pH of the product is above 4.5, it is already considered as a potentially good environment for the development of spore-forming and pathogenic microorganisms (Boz, Erdogdu, 2016) . The pH of the pumpkin pure was relatively high: from 6.2 to 6.6 at the beginning of storage to 5.9-6.2 after 6 months of storage (Fig. 4) . pH value of pumpkin cultivar 'Uchiki Kuri' in other investigations was mentioned even higher (7.17-7.46) (Nawirska-Olszańska et al., 2014). Such pH of the product is already close to the neutral pH, thus it is a good environment for the development of various sporeforming microorganisms. The changes of the pH during the storage of product can often indicate the onset of microbial deterioration, which was also observed at 22±2 °C in a bag-in-box package stored sample -after 4 weeks of storage the pH of the product had dropped till 5. Frozen puree phenolic acids which could decrease the pH of product during storage.
Colour (CIE L* a* b*) changes
Comparing the colour of the pumpkin purée during storage, it was found that the colour of the sterilized purée had become lighter after 6 months of storage (L* value increased), while the purées stored at 4±2 ℃ had become slightly darker, but the colour intensity L* of frozen purees did not change significantly (p<0.05). The intensity of red colour for sterilized and frozen puree did not change significantly, but for puree stored at 4±2 ℃, slight increase in red colour intensity a* was observed that could be explained with non-enzymatic oxidation reactions which can influence such colour pigments as carotenes, flavones, and flavonones. According to Chisari et al. (2007), the oxidation of phenolic compounds to o-quinones may subsequently polymerize yielding dark pigments. The intensity of yellow colour component b* for all samples remained practically unchanged. The slightest colour difference ΔE (last day comparing to the first day) was for the frozen sample (2.6), but the biggest -for purée stored at 4±2 ℃ in the bag-in-box package (5.4), colour difference for sterilized puree was 3.8. The colour changes in the bag-in-box 4±2 ℃ packaging were considered as significant.
Total carotenes
The total carotenes content in all samples was stable during storage for 26 weeks except for samples stored at 22±2 ℃ in the bag-in-box packaging, which after 4 weeks of storage indicated a significant decrease (p<0.05) of total carotenes (Fig. 5) , what could be related to the microbiological spoilage. Figure 5 . Changes of total carotenes content in pumpkin puree during storage Provesi et al. (2011) in their research on carotenoid stability after processing and storage of pumpkin puree also revealed the stability of the major carotenoids. Heat processing is sufficient for the inactivation of enzymes and micro-organisms, which could degrade these compounds. Moreover, there is a partial vacuum inside the bottle because oxygen is removed from it and that allows to delay oxidation reactions. Storage at temperatures lower than 30 °C and protection from light are also important factors for the stability of carotenoids (Provesi et al., 2011 ). However, in other studies the losses of carotenoids after processing and storage were higher (Lin, Chen, 2005) . Provesi et al. (2011) summarise that the stability of carotenoids in foods is variable. This happens not only because of extrinsic factors, such as the severity of heat treatment, presence or absence of light, temperature of storage, packaging, but also because of the characteristics of the food matrices, such as their chemical composition, the oxygen dissolved in the samples, size of the particles, and the physical state of the carotenoid in the food (Provesi et al., 2011) .
Ascorbic acid content
After four weeks of storage, the content of vitamin C in all samples was reduced at least by half and practically reached the lowest limit of detection (36-54 mg per kg of product), therefore the evaluation of this parameter was discontinued after 7 th week of storage. As it is known from many investigations, vitamin C is one of the most unstable vitamins. In experiments with different vegetables, blanching resulted in big ascorbic acid loss, but retention remained stable after freezing of broccoli and green beans. Green beans lost >90% ascorbic acid after 16 days of storage. Linear decreases in ascorbic acid were found in most fresh-refrigerated and frozen vegetables during storage (Howard, 2008) . Our experiment showed that none of the storage conditions tested was sufficient for preserving the ascorbic acid in pumpkin puree packed in bag-in-box type packages. The total phenol content All studied samples showed a significant increase (p<0.05) in total phenol content (TPC) during storage (Fig. 6) . TPC increased by 63.7%, on average, during 26-week storage. During the first eight weeks of storage a significant increase of TPC was observed in all samples, which was followed by a gradual increase with the extension of storage time. Ghirardello et al. (2016) also observed increase of TPC in hazelnuts stored at 5 C and relative air humidity 55%. Unlike, Zhao et al. The authors have explained this phenomenon by a possible increment of polyphenolic compounds associated to the microbial growth or to reactions between oxidized polyphenols and formation of new compounds of antioxidant character during juice storage. They considered the possibility that during juice storage, some compounds could be formed and react with the Folin-Ciocalteu's reagent and significantly enhance the phenolic content as well.
Figure 6. Changes of total phenol content in pumpkin puree during storage
There was no significant difference between TPC in samples, irrespective of storage conditions. Gradual increase was determined in frozen puree and sterilized puree after the week eighth. TPC in pumpkin puree packed in bag-in-box and stored at 4 C did no change significantly between week 7 and week 17, which was followed by more rapid increase starting from week 18. The content of total phenols at the beginning of storage was 127.48 to 150.84 mg per kg of sample. After 26 weeks or 6 months of storage, the total phenol content was 358.5-403.27 mg per kg of sample. Antiradical activity / radical scavenging activity The DPPH˙ antiradical activity decreased slightly along the storage time. The most stable DPPH˙ antiradical activity was in the bag-in-box sample stored at 4±2 ℃ (Fig. 7) . Storage conditions had significant effect on ABTS˙+ antiradical activity. The highest reduction of ABTS˙+ antiradical activity was observed in a sterilized sample that was stored at room temperature (a decrease by 57.3%). The most stable ABTS˙+ antiradical activity during the whole storage time was again in bag-in-box packed puree, which was stored at 4±2 °C (a decrease by 1.9%) (Fig. 8) . 
Conclusions
It is possible to provide microbial safety for pumpkin purées up to six months, if those are sterilized at 110 ℃ for 15 minutes, frozen and stored at -20±2 ℃, or packed in bag-in-box after vacuum-cooking and stored at 4±2 ℃. The total carotenes content was stable during storage for 26 weeks. None of the storage conditions tested was sufficient for preserving the ascorbic acid in pumpkin puree packed in bag-in-box type packages. All studied samples showed a significant increase in total phenol content (TPC) during storage. The DPPH˙ antiradical activity decreased slightly along the storage time. The fastest decrease of DPPH˙ antiradical activity was in samples packed in bag-in-box bags after four weeks of storage at 22±2 ℃. The most stable ABTS˙+ antiradical activity during the whole storage time was in bag-in-box packed puree, which was stored at 4±2 °C. The biggest total colour difference was for puree stored at 4±2 ℃ in the bag-in-box package. Based on the Frozen puree results, the best methods for packaging and storage pumpkin puree are sterilization in glass jars and storage at room temperature and packaging in bag-in-box type packages and storage at 4 ℃ temperature.
